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(54) RESIN COMPOSITION AND METAL-BASED CIRCUIT BOARD USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an insulating adhesive composition which contains 
aluminium nitride and has high heat conductivity, and to provide a metal-based circuit board 
excellent in heat dissipation capacity which uses the same. 

SOLUTION: The resin composition in which a thermosetting resin contains aluminum nitride 
powder the particle size of which is 10-45 urn and spherical aluminum oxide powder the 
maximum particle size of which is 3 um or less, and the metal-based circuit board using the 
same, are provided. Heat conductivity calculated from heat resistance between surface of the 
circuit and reverse side of the metal board is preferably 5.0 W/mK or more. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The resin constituent characterized by the alumimium nitride powder whose particle diameter 
is 10-45 micrometers, and the maximum particle diameter making thermosetting resin contain spherical 
aluminum-oxide powder 3 micrometers or less. 

[Claim 2] The resin constituent according to claim 1 with which alumimium nitride powder with a 
particle diameter of 10-45 micrometers is characterized by doing 50.0-80.0 mass % content of this 
powder and said maximum particle diameter to the whole quantity with spherical aluminum-oxide 
powder 3 micrometers or less. 

[Claim 3] The resin constituent according to claim 1 or 2 with which alumimium nitride powder whose 
particle diameter is 10-45 micrometers is characterized by doing 17.0-47.5 mass % content of spherical 
aluminum-oxide powder 3 micrometers or less for 42.5 to 76.0 mass %, and the maximum particle 
diameter at an epoxy resin. 

[Claim 4] The metal base circuit board which is the metal base circuit board which comes to prepare a 
circuit on a metal plate through an insulating layer, and is characterized by said insulating layer 
consisting of claim 1 and a resin constituent according to claim 2 or 3. 

[Claim 5] The metal base circuit board according to claim 4 characterized by the heat conductivity 
computed from the thermal resistance between a circuit front face and a metal plate rear face being 5.0 
or more W/mK. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Thermal conductivity of this invention is high and it relates to the metal base 
circuit board using an insulating adhesives constituent and it excellent in the adhesive property of a 
metal substrate and an insulating layer. 
[0002] 

[Description of the Prior Art] The adhesives of the epoxy resin system filled up with the inorganic filler 
on metal plates, such as aluminum, iron, and copper, from the former were applied, and the metal base 
circuit board which pasted up the metallic foil on it was known. 

[0003] However, in these metal base circuit boards, since the thermal conductivity of the adhesives 
currently used as an insulating layer was low, the property of metal substrate original with sufficient 
thermal conductivity was not fully able to be harnessed. Then, in the property improvement of the metal 
base circuit board, the property improvement of an insulating adhesives constituent serves as a very 
important examination item on industry. 

[0004] For example, as for the circuit board for semi-conductor loading used for the automobile etc., the 
demand of densification and a raise in mounting is increasing increasingly also about semi-conductor 
components, the electrical part, and also the circuit part in recent years. And by the module which 
mounted components, such as diode, a transistor, and IC, on these circuit boards, in order to radiate the 
heat generated from the circuit itself in said components list, the circuit board which is further excellent 
in a heat dissipation property and which has high electric dependability is demanded. 
[0005] 

[Problem(s) to be Solved by the Invention] Although the resin containing an inorganic filler was 
conventionally used for the insulating agent of the metal base circuit board, aluminum-oxide powder 
was mainly used as said inorganic filler. Since aluminum-oxide powder has low thermal conductivity, it 
cannot obtain the insulating adhesives constituent which has such high thermal conductivity that it can 
not necessarily be satisfied, but serves as hindrance for the metal base circuit board to be developed by 
the extensive application. 

[0006] On the other hand, although alumimium nitride is the ingredient by which has high thermal 
conductivity and promising ** is carried out as said inorganic filler, since resin cannot be high-filled up 
with a filler, the insulating adhesives constituent of high temperature conductivity cannot be obtained, 
and the metal base circuit board which is excellent in the heat leakage nature with which practical use 
can be presented is not obtained. 

[0007] As a result of examining many things in view of the above-mentioned situation, this invention 
person used to acquire the knowledge that resin can be high-filled up with using combining the powder 
of specific alumimium nitride, and specific aluminum oxide dust, a resin constituent with the high heat 
conductivity is obtained, and the metal base circuit board of high temperature conductivity can obtain 
easily using this, and used to result in this invention. 
[0008] 
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[Means for Solving the Problem] Namely, this invention is a resin constituent characterized by the 
alumimium nitride powder whose particle diameter is 10-45 micrometers, and the maximum particle 
diameter making thermosetting resin contain spherical aluminum-oxide powder 3 micrometers or less. 
This powder and said maximum particle diameter receive [ the alumimium nitride powder whose 
particle diameter is 10-32 micrometers ] the whole quantity with spherical aluminum-oxide powder 3 
micrometers or less preferably. It is the aforementioned insulating adhesives constituent carried out 
50.0-80.0 mass % content. Still more preferably For the alumimium nitride powder whose particle 
diameter is 10-45 micrometers at an epoxy resin, 42.5 to 76.0 mass % and the maximum particle 
diameter is [ spherical aluminum-oxide powder 3 micrometers or less ] the resin constituents 
characterized by being carried out 17.0-47.5 mass % content. Moreover, this invention is the metal base 
circuit board produced using the aforementioned resin constituent, and is preferably characterized by the 
thermal conductivity computed from the thermal resistance between a circuit front face and a metal plate 
rear face being 5.0 or more W/mK. 
[0009] 

[Embodiment of the Invention] This invention is characterized by using specific alumimium nitride and 
specific aluminum-oxide powder as an inorganic filler in a resin constituent. That is, the maximum 
particle diameter mixes both with spherical aluminum-oxide powder 3 micrometers or less with 
alumimium nitride powder with a particle diameter of 10-45 micrometers, and the effectiveness that the 
metal base circuit board which has heat leakage nature high even on practical level can be supplied is 
conventionally acquired above the well-known metal base circuit board and an EQC by moreover 
making alumimium nitride powder with a particle diameter [ said ] of 10-45 micrometers into 50.0 to 
80.0 mass % to both total quantity. 

[0010] The alumimium nitride powder used for this invention is range whose magnitude of the 
constituent particle is 10-45 micrometers. Even if a less than 10-micrometer alumimium nitride particle 
exists, restoration nature may not improve and the moisture resistance of the hardening object of the 
resin constituent obtained may become poor. Moreover, if a bigger particle than 45 micrometers exists, 
whenever [ restoration / of the inorganic powder at the time of filling up resin ] will worsen. About the 
mean particle diameter of alumimium nitride powder, although it is naturally 10-45 micrometers from 
all particles being in said within the limits, it is desirable from it tending [ much more ] to attain the 
purpose of this invention that it is 10-32 micrometers among this range. Moreover, the alumimium 
nitride powder which grinds an alumimium nitride sintered compact and is obtained is desirable. 
[0011] In this invention, it is characterized by the maximum particle diameter using for said specific 
alumimium nitride powder combining spherical aluminum-oxide powder 3 micrometers or less. In order 
to secure the fluidity before resin hardens at the same time it is filled up with the gap of the alumimium 
nitride particle which has high temperature conductivity in this invention, it improves the fill to resin 
and it harnesses the high temperature conductivity of an alumimium nitride particle, or in order to raise 
the moisture resistance after hardening, the spherical aluminum-oxide powder which consists of 
spherical detailed particles is chosen experimentally. If it depends on examination of this invention 
person about spherical extent, an aspect ratio should just be 1.2 or less. Moreover, when the particle to 
which the maximum particle diameter exceeds 3 micrometers is contained, whenever [ restoration / at 
the time of filling up resin ] may fall. In addition, in order to make low viscosity before hardening of the 
resin constituent obtained, it is so good that the particle size distribution of spherical aluminum-oxide 
powder are sharp. 

[0012] Moreover, in this invention, this powder and the maximum particle diameter of the rate of said 
alumimium nitride powder are 50.0 to 80.0 mass %s to the whole quantity with spherical aluminum- 
oxide powder 3 micrometers or less. It is because the heat conductivity of the hardening object of the 
resin constituent obtained since there are few amounts of alumimium nitride powder falls, the metal base 
circuit board of high temperature conductivity is not obtained, whenever [ restoration / at the time of 
filling up resin above 80.0 mass % ] worsens and only the scarce metal base circuit board is obtained by 
electric dependability below by 50.0 mass %. 

[0013] In this invention, thermosetting resin, such as an epoxy resin and polyimide resin, is mentioned 
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as resin. Especially, a metal plate, a metallic foil, and adhesive strength are strong, and the high epoxy 
resin of compatibility is preferably used for alumimium nitride. Moreover, said alumimium nitride 
powder and said aluminum oxide powder, and if needed, a leveling agent, a defoaming agent, a humid 
dispersant, a stabilizer, a hardening accelerator, etc. are added by said resin, and it is used for it surface 
treatment agents, such as a silane system coupling agent, a titanate system coupling agent, and an 
aluminates system coupling agent, and also if needed. 

[0014] It sets to this invention and is desirable from the metal base circuit board which has heat leakage 
nature conventionally higher than the well-known metal base circuit board being obtained by 
thermosetting resin when 42.5 to 76.0 mass % and aluminum-oxide powder are made for alumimium 
nitride powder to do 17.0-47.5 mass % content of about the blending ratio of coal of said alumimium 
nitride powder in a resin constituent, and said aluminum-oxide powder. 

[0015] Moreover, this invention is the metal base circuit board which comes to prepare a circuit on a 
metal plate through an insulating layer, and is characterized by said insulating layer consisting of said 
resin constituent. Since the insulating layer consists of thermosetting resin which contained specific 
alumimium nitride powder and specific aluminum-oxide powder like the above-mentioned, it is high 
temperature conductivity and has the description which is moreover excellent in the adhesion of a metal 
plate and a circuit, and is excellent in moisture resistance. 

[0016] Since the thermal conductivity computed from the thermal resistance on a circuit front face and 
the rear face of a metal plate has the thermal conductivity of 5.0 or more W/mK, since said thermal 
conductivity reaches a 6.0 or more W/mK thing high price, the metal base circuit board which becomes 
this invention is preferably used as the circuit board of various high current applications at first, for 
example in the circuit board for automobile loading in an embodiment with still more desirable this 
invention. 

[0017] As a metal plate used for this invention, although aluminum, an aluminium alloy, copper, a 
copper alloy, iron, stainless steel, etc. are usable, it is comparatively cheap and moreover lightweight, 
and since it says that it is suitable for workability or migratory devices, aluminum and an aluminium 
alloy are desirable. Moreover, as thickness of a metal plate, although there is especially no limit, 
generally 0.5-3. 0mm is used. 

[0018] What consists of copper, aluminum, nickel, or these compound layers is usually used that the 
quality of the material of the circuit in this invention should just be a conductive thing. 
[0019] the approach of producing the metal base circuit board of this invention - being related - a metal 
plate top ~ said resin - applying - hardening - or semi -hardening is carried out and it considers as an 
insulating agent layer. An insulating agent layer is made into a monolayer or two or more layers at this 
time. Then, although spreading, hardening, or the approach of carrying out semi-hardening and sticking 
on a metal plate is mentioned to the approach of joining the metallic foil used as circuits, such as a 
copper, aluminum, or copper-aluminum compound foil, using the roll laminating method or the 
laminating pressing method, or the metallic foil by which circuit formation was carried out beforehand 
in said resin constituent, when raising the electrical characteristics of the metal base circuit boards 
including withstand voltage, the former approach is adopted preferably. In addition, what is necessary is 
just to apply a well-known approach conventionally about etching of a metallic foil in this approach. 
[0020] 

[Example] [Example 1] It classified from alumimium nitride powder with a commercial grain size of 45 
micrometers or less, and alumimium nitride powder 70 mass % which magnitude becomes from the 
particle which is 10-45 micrometers, and spherical aluminum-oxide powder 30 mass % whose 
maximum particle diameter is 3 micrometers and the mean particle diameter of 0.8 micrometers were 
mixed, and the inorganic filler was produced. Next, said inorganic filler and the bisphenol female mold 
epoxy resin were blended so that a filler filling factor might become 90.0 mass %, and the resin 
constituent was further produced for the silane system coupling agent by 1 mass section (as opposed to 
the mixture 100 mass section of said inorganic filler and epoxy resin), and adding, respectively, stirring 
an amine system curing agent and a humid dispersant (big KEMI Japan, Inc. "Dis-111"), and mixing the 
3.3 mass sections and the 0.3 mass sections. 
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[0021] On the aluminum plate with a thickness of 1.5mm, it applied so that the insulating layer thickness 
after hardening said resin constituent might be set to 100 micrometers, it dried and considered as B stage 
condition, and after that, copper foil with a thickness of 35 micrometers was placed on the insulating 
layer, and carried out the laminating by the pressing method, the resin constituent was stiffened, and the 
metal base substrate was obtained. 

[0022] After carrying out the mask of the desired location by etching resist and etching copper by using 
a sulfuric-acid-hydrogen-peroxide mixed solution as an etching reagent about the aforementioned metal 
base substrate, by removing etching resist and carrying out washing desiccation, the circuit was formed 
and it considered as the metal base circuit board. 

[0023] About the metal base circuit board obtained by said actuation, thermal resistance, withstand 
voltage, and the Peel reinforcement were measured. Measurement of withstand voltage is JIS. It 
measured based on C21 10 ("TOS-8700 form" by Kikusui Electronics). Measurement of the Peel 
reinforcement was measured using tensilon (Oriental Baldwin, Inc. "U-1160") based on JISC-6481. 
Moreover, measurement of thermal resistance cut the metal base substrate in magnitude of 3.0x3.0cm, 
and formed the 1.0x1. 5mm copper pattern by etching. On this copper foil, the TO-220 mold transistor 
was soldered and it fixed through heat dissipation grease on the radiation fin which carried out water 
cooling. Energized to the transistor, the transistor was made to generate heat, the temperature gradient 
on a transistor front face and the rear face of a metal plate was measured, and thermal resistance was 
computed. After amending the thermal resistance value of heat dissipation grease, thermal conductivity 
was calculated from this amended thermal resistance value. 

[0024] [Example 2] Except having changed the inorganic filler in an example 1 into the rate of 10 - 45- 
micrometer alumimium nitride powder 60 mass % and spherical aluminum oxide powder 40 mass % 
whose maximum grain size is 3 micrometers, a metal base substrate and the metal base circuit board 
were produced by the same actuation as an example 1, and the same evaluation as an example 1 was 
performed. 

[0025] [Example 3] Except having changed into filling factor 85 mass % of the inorganic filler in an 
example 1, a metal base substrate and the metal base circuit board were produced by the same actuation 
as an example 1, and the same evaluation as an example 1 was performed. The main production 
conditions and measurement result of a metal base substrate or the metal base circuit board are shown in 
Table 1. 
[0026] 



[Table 1] 
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[0027] [Example of a comparison] Except having changed the alumimium nitride powder in an example 
1 into aluminum oxide powder, a metal base substrate and the metal base circuit board were produced by 
the same actuation as an example, and the same evaluation as an example 1 was performed. This result 
was collectively shown in Table 1. 
[0028] 

[Effect of the Invention] The resin constituent of this invention is using the alumimium nitride powder 
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of specific particle diameter, and specific aluminum-oxide powder, and resin can be high-filled up with 
it and it has the description from which the resin constituent hardening object which has high 
temperature conductivity is acquired easily. Moreover, as for the metal base circuit board of this 
invention, it is very useful on industry that there is the description of having 5.0 or more W/mK thing 
high temperature conductivity, excelling in heat dissipation nature, and excelling also in moisture 
resistance further, for example, it can apply to the circuit board for automobile loading etc., having a 
withstand voltage property more than the well-known metal base circuit board and an EQC 
conventionally, since said resin constituent is used. 



[Translation done.] 
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JPO and INPXT are not responsible for any 
damages caused by the use of this translation. 
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precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] Thermal conductivity of this invention is high and it relates to the metal base 
circuit board using an insulating adhesives constituent and it excellent in the adhesive property of a 
metal substrate and an insulating layer. 



[Translation done.] 
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PRIOR ART 

[Description of the Prior Art] The adhesives of the epoxy resin system filled up with the inorganic filler 
on metal plates, such as aluminum, iron, and copper, from the former were applied, and the metal base 
circuit board which pasted up the metallic foil on it was known. 

[0003] However, in these metal base circuit boards, since the thermal conductivity of the adhesives 
currently used as an insulating layer was low, the property of metal substrate original with sufficient 
thermal conductivity was not fully able to be harnessed. Then, in the property improvement of the metal 
base circuit board, the property improvement of an insulating adhesives constituent serves as a very 
important examination item on industry. 

[0004] For example, as for the circuit board for semi-conductor loading used for the automobile etc., the 
demand of densification and a raise in mounting is increasing increasingly also about semi-conductor 
components, the electrical part, and also the circuit part in recent years. And by the module which 
mounted components, such as diode, a transistor, and IC, on these circuit boards, in order to radiate the 
heat generated from the circuit itself in said components list, the circuit board which is further excellent 
in a heat dissipation property and which has high electric dependability is demanded. 



[Translation done.] 
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EFFECT OF THE INVENTION 

[Effect of the Invention] The resin constituent of this invention is using the alumimium nitride powder 
of specific particle diameter, and specific aluminum-oxide powder, and resin can be high-filled up with 
it and it has the description from which the resin constituent hardening object which has high 
temperature conductivity is acquired easily. Moreover, as for the metal base circuit board of this 
invention, it is very useful on industry that there is the description of having 5.0 or more W/mK thing 
high temperature conductivity, excelling in heat dissipation nature, and excelling also in moisture 
resistance further, for example, it can apply to the circuit board for automobile loading etc., having a 
withstand voltage property more than the well-known metal base circuit board and an EQC 
conventionally, since said resin constituent is used. 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



7/2/2007 



<19)B*mWW (JP> (12) & Hfl 4# H= & & (A) 



#iHJ2002-322372 
(P2002 -322372A) 
(43)&HB ¥*14^11« 8 B (2002. 11.8) 



©Dlntd.' 
C 0 8 L 101/00 
C 0 8 K 3/28 
7/18 

C0 8L 63/00 
CO 9 J 163/00 



www 



F I 

C 0 8 L 101/00 
C0 8K 3/28 
7/18 

C0 8L 63/00 
C 0 9 J 163/00 



t-73-r(##) 
4 J 0 0 2 

4 J 0 4 0 

5 E 3 1 fc> 



OL (£ 5 H) a»Hfc»< 



(21)fflIBH» 


HH2001 - 129163( P2001 - 129163) 


<71)tt«A 


000003296 










(22)tflKB 


¥£13^ 4 J! 26 B (2001. 4. 36) 




x**i^igK**wr i rs 4# i n 






(73)WB# 


Aft t(3t 








»*»iftiii*wii35»jft nm&m 














(7?)»W* 


urn mx 



























©4) utwn&m mmuM*ti&v*n*m>ii&m'*-xmmi 

(57) [gifo] 

imk^m mtmmm^m-m^i o~4 5/*m<o 

L£8Me»*# 5 . 0 W/m K£l±T£ &Zb iftW-b 



!(2) 002-322372 (P2002-322372A) 



[«*jsi i muMsmk&f&tfii 0-4 5um<r> 

MtTfr 5 X? Aft fc fbtfSHPS* 5 3 ju mOT^«tt^ 

ft*\ tsfttBufaft^i^^^^mjar^^iwt 

7/l'$X'>A»k0>£*fc*fl/t, 50. 0-8 0. 0 

[M*JH3 ] X^df MBltC, fiffg* 5 l 0-4 5/im 
«att7/l^x<}Aft* 5 4 2. 5-76. 0«*%, ft 

^fitfsa* 3 ^ mjaTtfMMJtwiwkr^ $ x^Aft* 5 1 

7. 0-4 7. 5«*%£*£*lTUl>>rk£#8tk-f 
[M*3S4 ] A««±fcttlM*:frLTEtt*KltT$r 
1, »*3i2X{i:i«*«3iafi^ffliiMffi^*^ : 5:^- 

[ n^n 5 ] mm® t &&mm t <r>wmjm x o 
%&Ltzmm&tf5 . ow/mKvx±x'hhz.bm 
ub-?&mm§mn&&<-z®&£M. 

[00 0 1] 

&mmbmkmbmmti,zmtz&®%mmfm 
b*tim^ti&B,*-z\B\&£fci l zmi-&« 

[0002] 

[0 0 0 3] L*>U Zixhe&W^-^W&g&V 

[0004] mta* &m*wzni^t>tixv& ! mfc 

[00 0 5] 

til.* 5 , hMI»7 -f y-b lX3Hz&itT>l>$.-VJ> 



tf&wztb. &-r Li hmiz^m^m^ 

t&mmmmmmizbtfxzi*. 

mm.tf&mmmzmmztiz>tzfr<Dmib^x 

[ooo63 an^sx^^ an^ase** 

(4*>l>* 5 , fflfifc? -f 7-£;«3S9rt-|>^k* 5 T-§ft^ 

■*\ mmiz&Lmkotcm&mzmih&m^-* 
w&vRtmt>tLX^&\ 

1 0 0 0 7 ] *W#tl±. ±JE*>*flK=»*'t, 
<m\\LT)V $ x>}Aft*h fcaa-a-btfT Jfl^S - fc 

mmznt z k * 5 t# * k v ^ aasftf . *«wts 

[0008] 

tt8Jflt£fiHHI* 5 l 0-4 5 umnm.itTlH-VJ*® 
b fttf&^gA* 3 /z m OT<0«tt<7>lHb7^ $ XT>Aft 

ft* 5 , Rffi k Wiafcttfifrffttf 3 /x mWTCDMttWWHt 
7)\s$.-*7^®bcr>'kmzttlX . 5 0. 0-80. 0 

%m%muzmzcomimm®mx'h*). hk# 

affc7/l/$x>?Aft* 5 4 2. 5-76. 0®*%, ft* 
fiHW 3 u m£\T<nn&<?>WL7)V 5 Aft* 5 1 
7. 0-4 7. 5M%-£#$*1"0**£ 

<ti. mmmb^mmmmbcom^mm^hMm,^ 

flhmmW5. 0W/mK\:±±.X'fohZ.b*¥fW>b 

LX\^h. 

[0009] 

4 v—b LX, mfecr>m.itT)l>$i-<7J*b¥ffecoMfc7 

frs-v&tiimi'Wiz.bitt&bi'X^i. bp 

*k fe^gl 0-4 5 AtmCOg-fbT^S-^Afttft* 
fi^gtf 3 ^ m J3lTW*R(?5iMkT^ 5 x^ Aft fc 
#Sr?I^L, L*>iffiiB&?@l 0~4 5jumOaftT 
^5x^»tW#O-&lt4tJtLT5 0. 0-8 0. 

[00103 *»at:jBv^afl;r^sx^^»tt, * 

Wflltfaa^^* $ * 5 1 0 -4 5 Ai m<0«H"C* 4 . i 



!(3) 002-322372 (P2002-322372A) 



o u mmnmiTiv s -^m^mG. ix t> *«tt 

4 5/im?fc4*«. I«O«H<7)l*m0~3 2/zmT* 
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tr, rx^?Mt**i. 2jaTCJMitfftv^. ft 
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■f4AIK-^EIIH6K6 c »^4ii:*»4). Jff4t 
[ 0 0 1 5 3 *fc. *»J»i, AWLtfclftiMfctf'L 

■cE»*»trc5r4Ai(^-^iiiiia«Tfto-r. Bute 
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